Podophillotoxins are a group of important natural products with significant biological properties such as antitumor and antiviral activities. Podophillotoxin (1) had already been described by Podwyssotzki in the 1880s.
In the course of our investigation of Chinese medicinal plants, we have reported some new podophillotoxin derivatives from Sinopodophillum emodi (WALL.) YING. 5) S. emodi is mainly distributed over the western regions of the QinLing Mountains, China, and is used as folk medicine, but had not been previously investigated. As the plant seemed to contain other podophillotoxin derivatives, we continued the investigation. In this paper, we describe the isolation and identification of two new podophillotoxin derivatives (2, 3) together with 4 known ones (1, 4-6) from S. emodi. The stereochemistry of podophillotoxin congeners (2, 3) was established by the coupling constants in the 1 H-NMR spectra, nuclear Overhauser effects (NOE), and the cotton curves in the circular dichroism (CD) spectra.
As 1, 5, and 6 were isolated as crystals and the solvents for recrystallization of 1 and 5 were different from the reported solvent, 6 ,7) X-ray crystal structure analysis of 1, 5, and 6 was carried out. We also report the conformations in the crystals of these compounds.
Isolation Dried root and rhizomes of S. emodi were extracted with 95% EtOH. The EtOH extract was partitioned between water and Et 2 O, and the water layer was further partitioned with CHCl 3 , AcOEt, and n-BuOH. The n-BuOH extract was separated on a silica gel column, reversed-phase middle-pressure liquid chromatography (MPLC), Sephadex LH-20 column, and reversed-phase HPLC as described in the Experimental to give compounds 2 (0.028%), 3 (0.0014%), and 4 (0.0056%).
The CHCl 3 extract obtained in the partition was chromatographed on silica gel, Sephadex LH-20 column, and reversed-phase HPLC as described also in the Experimental to give compounds 1, 5, 8) 5, 5, 9) and 6 (0.0018%). 13 C-NMR and distortionless enhancement by polarization transfer (DEPT) spectra of 2 showed 9 quaternary carbons including one carbonyl at (d 178.9), 18 methins and 4 methylenes and 3 methoxy methyl carbons. Out of these 22 methin and methylene carbons, 12 were assignable to the carbons of two sugar moieties. The connection of aliphatic carbons in aglycone was established by correlation spectroscopy (COSY), and the planar structure was determined as podophillotoxin-like structure by 2D-NMR analysis as shown in Chart 1.
Structure Elucidation of the Compounds
Establishment of the relative configurations of the aglycone was tried from the 1 H coupling constants (J values). The J H-7/H-8 , J H-8/H-8Ј and J H-8Ј/H-7Ј were 7.7, 9.8, and 10.1 Hz, respectively. These large values seemed to indicate all trans, and H-7Ј/H-8Ј was determined as trans by comparison with the known trans compounds.
10) However, we could not decide the relative configuration of H-8/H-8Ј and H-7/H-8, because most H-8/H-8Ј-trans derivatives showed the J H-8/H-8Ј values of ca. 14 Hz, and some H-7/H-8-trans and -cis derivatives showed J H-7/H-8 values of ca. 5 Hz. [11] [12] [13] Thus the configuration have to be confirmed by NOE experiments. Figure 1 shows the NOE observed by the irradiation of each proton at H-7, H-8, H-8Ј, and H-7Ј. NOE observed between H-8 and H-8Ј indicated that these protons were at cis direction and the dihedral angle of H-8-C-8-C-8Ј-H-8Ј was almost 0 deg., which was in good agreement with the J H-8/H-8Ј value of 9.8 Hz. NOE observed between H-7 and H-7Ј indicated these two protons were at cis-direction. Therefore H-8 and H-7 were resulted in trans, which agreed with the large J H-7/H-8 value of 10.1 Hz.
The absolute configuration was established by CD spectra. Swan, Klyne and co-workers reported on the CD spectra of 7-aryltetraline lignans that all 7-a-aryl (L-type) derivatives showed positive Cotton effect around 280-290 nm, while 7-b-aryl (D-type) ones showed negative effect. 14, 15) As compound 2 showed positive Cotton effect at 289 nm, C-7 of 2 was determined as a (R, L-type). We also measured CD of aglycone of 2, picropodophyllotoxin, obtained by enzymatic hydrolysis of 2. The aglycone showed also positive Cotton effect at 289 nm and the value was in agreement with the reported value. Thus 7, 8, 8Ј, and 7Ј of 2 were deduced as R, S, S, and R, respectively.
The sugar moieties were determined by NMR spectra. Chemical shifts in the 13 C-NMR spectrum suggested the sugars were both glucoses. The cross peaks of the anomeric proton at d 5.13/C-7Ј (d 77.7) and the other anomeric proton at d 5.03/methylene at d 69.5 in the HMBC experiment indicated one glucose was at C-7Ј of the aglycone and the other was substituted at C-6 of the inner glucose. In order to confirm the structure of the glucoses, NOE difference and 1 H decoupling experiments were thoroughly carried out. The NOE were observed in H-g1/H-g3, H-g3/H-g5, H-g4/H-g6, Hg1Ј/H-g3Ј, H-g3Ј/H-g5Ј and H-g4Ј/H-g6Ј by irradiation of the corresponding protons. J H-H values of the sugar protons except for H-g5/H-g6 and H-g5Ј/H-g6Јb were 7.4-9.5 Hz (Fig. 1, Table 1 ). These large values indicated that the protons at H-g1-5 and H-g1Ј-5Ј were all axial, and the sugars were unambiguously determined as chair-formed b-glucopyranoses (Fig. 1) . Thus compound 2 was deduced as a novel diglycoside of podophillotoxins, L-picropodophillotoxin 7Ј-
Fortunately, the protons of all hydroxy groups were detected in the 1 H-NMR spectrum of 2. All these signals were assigned by heteronuclear multiple bond connectivity (HMBC) correlation. This should be a rare case in that all hydroxy proton signals of the sugar moieties in a glycoside were detected and assigned. H-8/H-8Ј cis configuration and NOE between H-7 and H-7Ј in 2 indicated that its B ring was boat form as conformation A in Fig. 2 . However, we could also detect NOE of H-7/H-8, H-7Ј/H-8Ј, H-7Ј/H-2Ј, and H-7/H-5Ј, which suggested that compound 2 can also be at the other boat conformation B. These facts indicated that compound 2 was in an equilibrium between the boat forms A and B, as shown in Fig. 2 . To confirm the difference in the energy level of these isomers, a computation method was carried out with GAUSSIAN 98 16) on these conformers of the aglycone. The distances between the protons are indicated in Table 2 . In form I, the distances of H-7/H-7Ј were less than 3Å, which is reasonable to detect NOE. The distances of H-7/H-5Ј and H-7Ј/H-2Ј were much more than 3Å, while those in form II were much less than 3Å. The boat form I (ϭA) was more stable than II (ϭB) but the difference was small, only 2.18 kcal/mol. Thus, these two conformers were easily interconvertible, and the NOE of H-7/H-7Ј, H-8/H-8Ј, H-7/H-8, H-7Ј/H-8Ј, H-7Ј/H-2Ј, and H-7/H-5Ј can be detected at the same time.
Compound 3 obtained as a colorless needle were formulated from the HR-FAB-MS spectrum as C 28 H 32 O 13 , which was smaller than 2 by C 6 H 10 O 5 . The 1 H-and 13 C-NMR spectra and the cross peaks detected in the 2D-NMR spectra of 3 were extremely similar to that of 2, except for the disappearance of the signals due to one glucose. The CD spectrum of 3 exhibited positive Cotton effect at 289 nm. As the hydrolysate of 3 was completely identical with that from 2, the aglycone was determined as picropodophyllotoxin. The sugar moiety was determined as b-glucopyranose by a similar spectral method to 2. Thus, 3 was determined as a new podophillotoxin congener, L-picropodophillotoxin 7Ј-O-b-Dglucopyranoside.
The FAB-MS spectrum of 4 showed a quasi-molecular ion peak at 539 [MϩH] toxin. The structures of compounds 1 and 5 were also determined by comparison of their spectra and optical rotations with those of reported data. 10, 18) Although the crystal structures of 1 and 5 were reported, 6, 7) X-ray structure analysis of 1 and 5 was carried out on the crystals we obtained from other recrystallizing solvents than those reported. Compound 1 was crystallized from MeOH and the crystal contained a pair of different conformational isomers, MeOH and H 2 O (Fig. 3) . The packing and the conformations of 1 in the crystal were essentially similar to the reported crystals containing nitrobenzene. However, by comparison of the dihedral angles around the B ring of the two conformers, the conformational difference in the pair was smaller than the reported ones 6) (Table 3 ). In the case of 5, the reported crystal contained two conformers, while our crystal consisted of one conformer (Fig. 4) , which was a rare case for podophillotoxin derivatives. The conformation in the (1) The solvent molecules are omitted. The solvent molecule is omitted. crystal we obtained was the average of two conformers in the reported crystal.
7)
The crystal of 6 contained one conformer because of the planar aromatic B ring. However, the angle between the plane of the B ring and the C ring was not exactly 90°. The dihedral angle of C6-C1-C7-C8 (or C2-C1-C7-C6Ј) was ca. 100°and the crystal of 6 contained atrope isomers (Table  3 , Fig. 5 ).
In summary, we have isolated two new lignanes. Compound 2 was the second example of a natural diglycoside of a podophyllotoxin derivative, and both the first one reported by the authors and 2 were isolated from Sinopodophillum emodi. This class of compounds may characterize this plant distributed only in the QuinLing Mountains. The biological activities of the compounds are now under investigation.
Experimental
General The FAB-MS and HR FAB-MS were measured with JEOL JMS DX-505 or SX-102 mass spectrometer, and the NMR spectra were measured with a JEOL Lambda-500 or Alpha-500 spectrometer using tetramethylsilane as an internal standard. The following abbreviations are used: s, singlet; d, doublet; t, triplet; dd, doublet-of-doublets; m, multiplet; br, broad. The IR spectra was measured with a JASCO IRA-2 spectrometer. Optical rotations were measured on a JASCO DIP-140 or DIP-1000 digital polarimeter, and CD spectra were on a JASCO J-725 spectrometer. TLC was carried out on precoated plates (Kieselgel 60 F254, 0.25 mm thick, Merck no. 5715), and spots were detected by illumination with an ultraviolet lamp or by spraying 1% Ce(SO 4 ) 2 -10% H 2 SO 4 , followed by heating. Column chromatography was performed on Silica gel BW-200 (Fuji Devison Chemicals Co. Ltd.). MPLC was carried out on Develosil ODS (22 mm i.d.ϫ250 mm, Nomura Chemical) using a Kusano KPW-20. HPLC was carried out on TSKgel ODS-80Ts (20 mm i.d.ϫ250 mm, TOSOH Co.) using a Shimadzu LC-10A pump and SPD-10A UV detector.
Plant Material The rhizomes of S. emodi (WALL.) YING were collected from the QuinLing mountain area, China, in 1999, by the author. This plant was botanically identified by Prof. Li Guangming (Biology Department, Northwest University, China).
Extraction and Isolation Dried roots and rhizomes of S. emodi (2.47 kg) were extracted three times with 95% EtOH (each time 60 min in 50°C) and EtOH was removed under reduced pressure to give EtOH extract (240 g). The EtOH extract (40 g) was dissolved in water, and then extracted with Et 2 O, CHCl 3 , AcOEt and n-BuOH, followed by removal of the solvents, to give Et 2 O extract (6.89 g), CHCl 3 extract (1.33 g), AcOEt extract (3.75 g), n-BuOH extract (18.6 g), and water extract (12.4 g), respectively. The AcOEt extract (3.75 g) was subjected to silica gel column chromatography and eluted successively by a solvent system of CHCl 3 -7-1-3) . Fraction B-7-1 (210 mg) was separated by chromatography on a Sephadex LH-20 column and eluted with MeOH to give B-7-2-1 (167 mg). B-7-2-1 was separated by chromatography on a Sephadex LH-20 column and eluted with MeOH, and finally purified by preparative HPLC (ODS, 20% MeCN) to give compound 2 (117 mg).
The CHCl 3 extract (1.33 g) was subjected to column chromatography on silica gel (CHCl 3 -MeOHϭ100 : 0-20 : 1) to give four fractions (Fr. C-1-4). Fraction C-2 (0.42 g) was separated by Sephadex LH-20 column and eluted with MeOH followed by MPLC (ODS, 60% MeOH) to give 6 (7.4 mg). Computational Method Calculations were performed with GAUSS-IAN 98 16) on the IBM RS-6000SP computer and the SGI Origin 2000 system of Library and Information Processing Center of Nagoya City University. The Becke3LYP hybrid functional was used throughout this work. It consists of the nonlocal exchange functional of Becke's three-parameter set 20) and the nonlocal correlation functional of Lee, Yang, and Parr. 21) All the functionals are applied to the self-consistent-field HF densities. The 6-31G* basis set was used in all calculations. 22) Full geometry optimizations were performed with GAUSSIAN 98 default criteria.
X-Ray Crystal Structure Analysis of 1, 5, and 6 Crystals of all compounds suitable for X-ray analysis were obtained by slow evaporation of the CHCl 3 -MeOH solution. Crystals were examined on a Nonius Kappa CCD diffractometer using MoKa radiation. The crystal data and data collection parameters of all compounds are summarized in Table 4 . The CCD image intensities were reduced to a set of relative structure factors by the DENZO programs. 23) No absorption correction was made. The structures were solved by the direct method, 24) then refined by the difference Fourier (DF) and leastsquares techniques. 25) DF syntheses revealed all non-hydrogen atomic positions of the molecule of all compounds. The non-hydrogen atoms of the molecules were refined with anisotropic thermal parameters, but atoms of disordered solvents were refined isotropically. Hydrogen atoms bound to carbons of the molecules were included in calculated positions as fixed parameters. Final cycles of full-matrix least-squares refinement of the models shown in Figs. 3 and 4 were carried to convergence at Rϭ0.042 (1) and Rϭ0.043 (5), respectively, whereas the enantiomers converged at the same value. Thus, the absolute structure could not be determined by the X-ray diffractions; however, other evidences show the correct choice of the models in Figs. 3 and 4 . The final DF map showed residual peaks of the 0.2 e/Å 3 level, but those were judged to be essentially featureless. Atomic coordinates, bond lengths, and angles, thermal parameters, and calculated hydrogen atom positions have been submitted as the supplementary supporting data in the format of Cambridge Crystallographic Data Centre. A CIF will be available on request to K.H. 
